The Lesion Analysis of Cholinergic Neurons in 5XFAD Mouse Model in the Three-Dimensional Level of Whole Brain.
Cholinergic system is very important for many higher brain functions, including learning and memory. Cholinergic neurons, especially those in the basal forebrain, are specifically susceptible in some neurodegenerative diseases, such as in Alzheimer's disease (AD). Here, we studied the cholinergic system lesion effects of five familial AD mutations in 5XFAD mice, a transgenic mouse model of AD. Although the cholinergic system has been studied in this mouse model, the cholinergic deficits in AD mice have never been systematically mapped in a whole-brain three-dimensional (3D) reconstruction. Using the 3D reconstruction technology combined with immunohistochemistry (3D-IHC) and design-based stereology, we comprehensively compared the differences of the cholinergic neurons and fibers between the 5XFAD mice and C57BL/6 control mice at different age. Here, we found that the lesion of cholinergic fibers occurred earlier than the cholinergic neuron loss in 5XFAD mice. The cholinergic fiber lesions in the AD mice started sequentially in amygdala, cortex, hippocampus, and then basal forebrain. However, the basal forebrain was the first brain region observed with cholinergic neuron loss at the age of 9 months in 5XFAD mice, whereas such phenomenon first occurred at the age of 15 months in C57BL/6 control mice. Moreover, using 3D reconstruction to compare the lesion of cholinergic system of aged 5XFAD and C57BL/6 control mice, it is intuitive to notice the pathologic regions and severity of lesion. Therefore, the 3D-IHC provides detailed overview of the cholinergic neurons in the whole mouse brain, which will contribute to the study of the developing and pathologic mouse brain.